The objective of this article is to describe growth of very low birth weight infants born in southern Brazil. All infants weighing 1500 g were followed up until 12 months corrected age (CA). Growth was recorded at 40 weeks, 6 and 12 months CA. Catch up was considered if the measures were !À2 SD of World Health Organization growth charts for weight and length; and of National Center for Health Statistics for head circumference. One hundred and ninety three infants born were followed up for the study. At 40 weeks CA, 57.8% patients achieved catch-up in weight and 50.9% in length. At 6 months CA, 82.2% achieved catch-up for weight and length and at 1 year CA, 92% achieved catch-up in weight and 86.9% in length. Catch-up in head circumference was achieved for 93.4%, 85.9% and 85% patients at 40 weeks, 6 months and 12 months CA, respectively. At 12 months CA, no catch-up in weight, length and head circumference was related to higher SNAPPE-II (P ¼ 0.046) and periventricular leukomalacia (PVL) (P ¼ 0.003); longer time to achieve full enteral nutrition at the neonatal intensive care unit (NICU) (P ¼ 0.037), lower maternal education (P ¼ 0.018) and PVL (P ¼ 0,003); higher SNAPPE-II (P ¼ 0,004), PVL (P ¼ 0.005) and longer time to achieve full enteral nutrition at the NICU (P ¼ 0.044), respectively. In conclusion, PVL and higher SNAPPE-II were important factors to catch-up delay. Catch-up growth was high at 12 months CA.
Introduction
Very low birth weight (VLBW) infants are at increased risk for growth failure because they frequently have prolonged, complicated and expensive hospitalizations with uncertain prognosis and quality of life after neonatal intensive care unit (NICU) discharge. Despite the efforts to provide energy and protein requirements to achieve the intrauterine growth rates, it is common that VLBW infants have protein and energy deficits during the NICU hospitalization. Data from the National Institute of Child and Human Development Neonatal Research Network indicates that 16% of extremely low birth weight infants are small for gestational age at birth, but by 36 weeks CA, 89% have growth failure [1] . Follow up at 18-22 months corrected age (CA) shows that 40% still have weights, lengths and head circumferences <10th percentile [2] .
Brazilian data show growth only during the NICU stay [3, 4] . There are no published studies performed in Brazil concerning growth of VLBW infants in post-natal period. Our aim was to describe how preterm infants that are discharged from the NICU of a tertiary referral hospital in south Brazil grow-up during the first 12 months CA.
Patients and Methods
The Institutional Ethics Committee approved the study and informed consent to participate was obtained from children's parents.
Cohort description
All pre-term infants with birth weight 1500 g and without major congenital malformations were considered eligible. Our NICU is situated in a tertiary university hospital, considered reference for high-risk gestations in south Brazil. It receives 4200 newborns every year, 570 of which are pre-term and 115 with birth weight below 1500 g. All babies under 1250 g are started on total parenteral nutrition with amino acids within the first hour of their life. Enteral nutrition is started as soon as patients are thermodynamically and respiratory stable. Newborns are fed with own mother's milk or pre-term formula with polyunsaturated fatty acids. The pre-term formula has 80 kcal and 2.3 g of protein per 100 ml. Banked human milk is not given to the babies. Newborns are discharged when they achieve 2000 g and are capable of receiving full enteral nutrition orally and are clinically stable. At NICU discharge, parents were invited to return to follow-up clinic. Infants were included if parents agreed to participate, completed 1 year CA until 1 December 2006 and if they had attended at least three follow-up visits during their first year of life.
Variables description
At birth, patients were considered small for gestational age (SGA) if birth weight was below 10th percentile according to Alexander et al. [5] . Gestational age was determined from an ultrasonography performed at the first trimester and confirmed by the neonatal clinical examination of maturity [6] . The birth weight was also compared with the third percentile for gestational age, according to Richardson et al. [7] . At 40 weeks, 6 months and 12 months CA, growth in weight and length was compared with the World Health Organization (WHO) standards and head circumference was compared to National Center for Health Statistics (NCHS) standards, both normalized for sex. Children were categorized as having normal or subnormal growth in weight, length or head circumference at each age. Weight, length and head circumference <2 SD at birth, 40 weeks, 6 and 12 months CA were considered subnormal.
Demographic, neonatal and infancy risk factors were examined for their potential relation to 12 months CA growth attainment: maternal education, birth weight, gestational age, sex, SGA below the third percentile; neonatal risk measured by the SNAPPE-II [7] , presence of periventricular leukomalacia (PVL), bronchopulmonary dysplasia (BPD) defined as the need of complimentary oxygen at 36 weeks CA, duration of total parenteral nutrition, number of days necessary to achieve full enteral nutrition (!120 kcal/kg/day) and use of breast milk (exclusive or complemented by formula) at 6 months CA.
Follow-up visits
Infants were scheduled for a follow-up visit 7-10 days after hospital discharge and then monthly until 12 months CA. Weight, length and head circumference were measured monthly by the investigators during follow-up visits. The children were weighed unclothed by two independent investigators; using the same balance with a precision of up to 5 g and recumbent length was measured using the same anthropometer. Fronto-occipital head circumference was measured as the maximal head circumference using the same non-stretchable tape measure. To determine predictors of weight, length and head circumference at 12 months CA, Chi-square tests were performed using weight, length and head circumference for age percentiles as the dependent variables and anthropometric and clinical data collected during the follow-up period as independent variables.
Statistical analysis

Results
In the period between 1 December 2003 and 30 August 2005, 193 infants with birth weights 1500 g were born at Hospital de Clı´nicas de Porto Alegre. Fifty-one infants died in the NICU, 142 infants were discharged. Thirteen babies never returned to follow-up. Three were excluded from the study because of major malformations and eight attended to less than three visits at the completion of the present study. Of the 115 eligible for follow-up, five (4%) died during the first 6 months of the study period and 10 (8%) were lost during the follow-up. One hundred infants had anthropometric measures at 1 year CA.
During the neonatal period 79 newborns received total parenteral nutrition with a median duration of 14 days (9-21 days). Mother's milk associated with pre-term formula was used by 92 newborns during their stay in the hospital. None received exclusive breast milk during the whole period.
Mean birth weight was 1190 AE 245 g, mean gestational age was 30.5 AE 2, 3 weeks, 58 (50.4%) patients were male, 61 (53%) were SGA, 26 (22.6%) had birth weight below third percentile, 11 (9.6%) patients had PVL and DBP during neonatal period. The mean weight, length and head circumference of children at each age studied and details of growth considering percentiles and Z-scores for respective growth charts, as well as percentage of children classified as having subnormal growth in any parameter are detailed in Table 1 . The mean weight of the VLBW cohort was above third percentile at birth and only 26 (22.6%) had subnormal weight, but at expected term date (40 weeks CA), this percentage almost doubled (46 patients, 42.2%). At 40 weeks CA, 53 (49.1%) patients had subnormal length (53 patients, 49.1%). On the other hand, head circumference had achieved a high catch-up growth rate (100 patients, 93.4%) at this moment.
In Tables 2-4 , we show birth weights, gestational ages and all factors that were significantly associated with growth. Catch-up growth continued to occur at early infancy, so that by 6 months CA, only 19 patients (17.8%) had subnormal weight and length and by 12 months, only 8 patients (8%) had subnormal weight and 13 patients (13%) had subnormal length. Head circumference was considered to achieve catch-up growth in 92 (85.9%) and 85 (85%) at 6 and 12 months CA, respectively.
When the two groups (normal vs subnormal growth) were compared at 40 weeks CA, patients with subnormal weight had lower birth weight; higher gestational age and were more often classified as being SGA. Patients with subnormal length also presented lower birth weight; higher gestational age, were more frequently SGA and presented birth weight below third percentile. There were no significant differences when the outcome was head circumference.
At 6 months CA, patients classified as subnormal weight presented more frequently the diagnosis of PVL during the neonatal period. Patients with subnormal length at this age were more frequently classified as SGA, had birth weight below third percentile and presented BPD during neonatal period. Patients with subnormal head circumference had lower birth weight, were diagnosed with PVL during neonatal period more frequently and had a higher SNAPPE-II. All other variables did not differ significantly between groups. At 12 months CA, patients classified as having subnormal weight presented a higher SNAPPE-II and were more frequently diagnosed with PVL. Patients with subnormal length had mothers with significantly less years of education, needed a longer time to achieve full enteral nutrition and were also more diagnosed with PVL. The head circumference remained below third percentile in those patients who had a higher SNAPPE-II, presented PVL and needed a longer time to achieve full enteral nutrition.
There were no differences in the occurrence of subnormal growth for weight, length and head circumference at 40 weeks, 6 and 12 months CA when we compared those that received and not received total parenteral nutrition ( Table 5 ) and those that were fed with mother's milk or pre-term formula only (Table 6 ).
Discussion
The results of this study support the evidence to the high catch-up rates of weight, length and head circumference among VLBW infants during the first 12 months of CA in a developing country. Even though they experience a 'catch down' period during the first weeks of life, the neonatal factors affecting growth at this moment are overcome later. These results are compared to studies made in developed countries. At 6 months CA, PVL and higher SNAPPE-II are associated with poor growth and this association persists at 12 months CA. On the other side, being SGA or having birth weight below third percentile did not affect any aspect of growth after 6 months. Patients who took longer time to achieve enteral nutrition presented poor growth at 12 months and maternal education seems to be associated to lower length.
Although American and European investigators studied growth till adult life [8] [9] [10] [11] , ours is the first study to publish how VLBW infants born in Brazil grow-up after NICU discharge. It is also the first report to use the WHO growth charts that provide a better tool than the NCHS reference for monitoring the growth of infants. The new standards are recommended for application to all children independently of type of feeding [12] . At birth, the mean weight was above third percentile, but at 40 weeks CA, the incidence of subnormal weight had doubled, showing how difficult it is to provide nutrients to maintain the intrauterine rate of growth [13] . Most pre-mature infants, even if appropriate for gestational age at birth, became SGA at 40 weeks CA. The consequences of the infants weighing less than a foetus of comparable post-menstrual age from shortly after birth until term are not known [14] . There is a phenomenon described as 'catch down' weight, in which the baby has a period of low velocity growth in which it crosses one or more centiles down its original weight [1, 15, 16] .
From 6 months, it became evident that even infants with severe intrauterine growth restriction could catch-up and recover their growth potential. Higher SNAPPE-II was associated to subnormal growth, demonstrating that very sick pre-terms had an increased risk for growth failure. Birth weight and gestational age alone could not predict growth failure after neonatal period. Most children born SGA experienced catch-up growth and achieved a length above À2 SD. As did the study of Gutbrod et al. [17] , we also demonstrated that intrauterine growth retardation is not a major risk factor for growth failure. In more than 80% of SGA infants, catch-up occurred during the first 6 months of life. This finding disagrees of those of Binkin et al. [18] . Although low birth infants as a group did catch-up, many remained small compared to infants of normal birth weight. For this reason, growth monitoring in early post-natal period provides useful information [19, 20] .
Presence of PVL during neonatal period was a consistent and permanent risk factor for subnormal growth in weight, length and head circumference affecting the growth attainment at 12 months CA. Head circumference below third percentile was associated to higher SNAPPE-II at 6 months CA and this association remained until 12 months CA, as well as PVL and nutrition during neonatal period. Data demonstrating that malnutrition during a critical period of central nervous system (CNS) development, if not corrected, results in permanent deficits [21] . In human infants, this 'development window' seems to span at least until the first 18 months of life. Thus correction of early malnutrition within this period could improve the CNS development. Cooke [22] demonstrated that pre-term infants without major neurodevelopmental sequelae nonetheless have a high incidence of behavioural, cognitive and minor deficits at school age.
Risk factors for stunting included lower maternal education, longer time to establish full enteral nutrition and diagnosis of PVL and BPD is a wellknown risk factor for growth failure, but except for length at 6 months CA, it was not associated with other growth failure parameters. This happened in our study because we defined BPD as the need of supplemental oxygen at 36 gestational age, which resulted in a few number of cases.
Our results agree with recent findings. Cockerill et al. [23] described accelerated head growth from birth to 40 weeks CA, despite poor post-natal weight gain. Bertino et al. [16] demonstrated that VLBW infants with major morbidities grow less than babies without major morbidities. We found that SNAPPE-II can predict, from the first day of life, infants at a higher risk for growth failure at 12 months CA.
One limitation of our study is the short follow-up period limited to 12 months CA. The first year of life is a very important period for the future infant's growth. We showed that most of the studied infants had a catch up in weight, length and especially in head circumference within this period.
It is important to explore if post-natal growth (expressed in centile crossing) influences later health or it is simply a modifying factor according to the nature of foetal programming. The catch-up growth in VLBW infants must be considered carefully.
